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SPACEFLIGHT PVS CHANGES: SUPPLEMENTARY INFORMATION

Table S1. PVS Metrics at Each Time Point for the Whole Astronaut Cohort and Subgroups

All Astronauts (n = 15)

Experienced (n = 6)

Novice (n =9)

Time Point Mean (SD) 95% ClI Mean (SD) 95% ClI Mean (SD) 95% ClI
Total PVS Volume (mm3cm?3 of WM)?2
Scan 1: Pre-Flight, Launch — 180 days 0.46 (0.38) 0.25-0.67 0.54(0.43)  0.08-0.99 0.40 (0.36) 0.13-0.68
Scan 2: Pre-Flight, Launch — 60 days  0.48 (0.43) 0.23-0.73 0.57(0.44)  0.11-1.04 0.41(0.44) 0.05-0.78
Scan 3: Post-Flight, Return + 4 days ~ 0.49 (0.39) 0.27-0.71 0.48 (0.40)  0.05-0.90  0.50(0.41) 0.18 - 0.82
Scan 4: Pre-Flight, Return + 30 days 0.51(0.41) 0.28-0.73 0.54 (0.45) 0.07-101 0.48(0.41) 0.17-0.80
Scan 5: Pre-Flight, Return + 90 days ~ 0.51 (0.45) 0.25-0.77 0.49 (0.54)  -0.08-1.06 0.52(0.41) 0.18-0.86
Scan 6: Pre-Flight, Return + 180 days 0.53 (0.44) 0.26-0.79 0.65 (0.55) -0.23-154 0.47(0.41) 0.16-0.79
Total PVS Number (No./cm?® of WM)?2
Scan 1: Pre-Flight, Launch — 180 days  4.45x102  2.68x1072 - 5.53x107? 1.71x102 - 3.73x10? 1.56x1072 -
(3.18x10?) 6.21x102 (3.64x107?) 9.35x102 (2.82x107?) 5.90x102
Scan 2: Pre-Flight, Launch — 60 days ~ 4.51x102  2.47x1072 - 5.59x102 1.88x1072 - 3.70x102 0.76x102 -
(3.52x103) 6.54x107? (3.53x103) 9.30x10? (3.52x103) 6.64x107?
Scan 3: Post-Flight, Return + 4 days 4.55x107? 2.80x1072 - 4.70x107? 1.49x1072 - 4.45x107? 1.83x1072 -
(3.16x103) 6.30x107? (3.06x103) 7.91x107? (3.41x103) 7.07x107?
Scan 4: Pre-Flight, Return + 30 days 4.86x107? 2.93x107? - 5.70x107? 1.36x1072 - 4.29x107? 1.92x1072 -
(3.48x103?) 6.78x107? (4.14x10?) 10.05x102 (3.08x10?) 6.66x107?
Scan 5: Pre-Flight, Return + 90 days 4.60x102%  2.60x1072 - 4.69x107? 0.33x107? - 4.53x107? 1.91x102 -
(3.45x10?) 6.59x10? (4.15x10?) 9.04x107? (3.13x10?) 7.14x107?
Scan 6: Pre-Flight, Return + 180 days  4.73x102?  2.63x1072 - 5.97x102  -0.20x102-  4.17x102 1.59x102 -
(3.47x10?)  6.82x102  (3.87x10?)  12.13x102  (3.36x10?)  6.76x102
Median PVS Volume (mm?)
Scan 1: Pre-Flight, Launch — 180 days 8.42 (1.56) 7.55-9.28 7.83 (1.28) 6.49 - 9.17 8.81(1.68) 7.52-10.09
Scan 2: Pre-Flight, Launch — 60 days  8.21(1.28) 7.46 - 8.95 8.18 (1.55) 6.55-9.81 8.23 (1.16) 7.26 - 9.20
Scan 3: Post-Flight, Return + 4 days ~ 8.69 (1.23) 8.01-9.37 847 (1.36) 7.04-9.89 8.84(1.19) 7.93-9.75
Scan 4: Pre-Flight, Return + 30 days 8.25(1.22) 7.58-8.93 7.58 (0.92) 6.61 - 8.55 8.70 (1.22) 7.76 - 9.64
Scan 5: Pre-Flight, Return + 90 days 8.51(1.61) 7.58-9.44 8.58 (2.10) 6.38-10.79 8.45(1.29) 7.38-9.53
Scan 6: Pre-Flight, Return + 180 days  8.64 (1.02) 8.03-9.26  8.83(1.39) 6.62-11.04 8.56(0.90) 7.87-9.25
Median PVS Length (mm)
Scan 1: Pre-Flight, Launch — 180 days 6.44 (0.56) 6.13-6.75  6.24 (0.49) 5.72-6.75 6.57(0.59) 6.12 - 7.03
Scan 2: Pre-Flight, Launch — 60 days  6.21 (0.68) 5.82-6.61 6.06 (0.61) 541-6.70 6.33 (0.74) 5.71-6.95
Scan 3: Post-Flight, Return + 4 days 6.31 (0.60) 5.98-6.64 6.25(0.66) 5.55-6.94 6.35(0.59) 5.90-6.80
Scan 4: Pre-Flight, Return + 30 days ~ 6.20 (0.66) 5.84-6.57  5.93(0.49) 542-6.45 6.38(0.72) 5.83-6.93
Scan 5: Pre-Flight, Return + 90 days ~ 6.30 (0.53) 5.99-6.60  6.16 (0.46) 5.68-6.65 6.40 (0.58) 5.91-6.88
Scan 6: Pre-Flight, Return + 180 days  6.56 (0.76) 6.10-7.02  6.26 (0.83) 4.94-7.59 6.70(0.74) 6.13-7.26
Ventricular Volume (mL/mL of TIV)°
Scan 1: Pre-Flight, Launch — 180 days  9.00x10° 7.05x1072 - 11.12x10°3 6.46x107 - 7.59x10°3 6.11x1073 -
(3.52x10%)  10.95x10° (4.45x103) 15.79x10°3 (1.93x103) 9.07x10°3
Scan 2: Pre-Flight, Launch — 60 days 8.90x10°  7.01x107 - 10.91x10°  6.40x10°3 - 7.56x10°3 6.05x107% -
(3.41x103) 10.78x103 (4.29x103) 15.41x10°3 (1.95x103) 9.06x102
Scan 3: Post-Flight, Return + 4 days 9.80x10°%  7.98x10°3 - 11.94x10°%  7.64x10°3 - 8.38x10°3 7.10x10°3 -
(3.29x10%)  11.62x10°3 (4.10x103) 16.24x10°3 (1.66x103) 9.65x103
Scan 4: Pre-Flight, Return + 30 days 9.62x10°%  7.73x10°3 - 11.86x10°%  8.13x103- 8.13x10°3 6.65x10°3 -
(3.40x10%)  11.51x10°3 (4.06x103) 1.92x103 (1.92x10®) 9.60x103
Scan 5: Pre-Flight, Return + 90 days 9.88x10°  7.84x1073 - 12.02x103  7.65x10°3 - 8.27x10°3 6.61x10°3 -
(3.53x10%)  11.92x10°3 (4.16x103) 16.39x10°3 (1.98x103) 9.93x103
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Scan 6: Pre-Flight, Return + 180 days ~ 9.35x10%  7.35x103-  11.74x10%  6.33x103-  8.02x10%  6.42x107 -
(3.46x10%)  11.35x10°  (4.36x10%)  17.15x10°  (2.09x10%)  9.63x107

Table S1 Note. SD = standard deviation, Cl = confidence interval, WM = white matter, TIV = total intracranial volume.
Here we report descriptive statistics for each PVS metric and ventricular volume at all of the testing time points, for
the whole astronaut cohort and for the experienced and novice subgroups.

aTo account for individual differences in total brain tissue volumes, total PVS volume and number were normalized as
follows: (total PVS volume (mm?®) or number (No.)) / (total brain white matter volume (cm?), averaged across the two
pre-flight time points).

bVentricular volume represents the sum of the lateral and third ventricular volumes. To account for individual
differences in head size, ventricular volume was then normalized as follows: (ventricular volume (mL)) / (total
intracranial volume (mL), averaged across the two pre-flight time points).
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Table S2. PVS Changes and Ventricular Expansion from Pre- to Post-Flight

Predictors Estimates (SE) 95% ClI t p
Total PVS Volume (mm3cm? of WM)?2
(Intercept) 0.003 (0.04) -0.07 - 0.08 0.07 0.944

Total PVS Number (No./cm?® of WM)?2
(Intercept) -0.001 (0.004) -0.01-0.01 -0.16 0.879

Median PVS Volume (mm?2)
(Intercept) 0.55 (0.28) -0.05-1.15 1.97 0.069

Median PVS Length (mm)
(Intercept) 0.07 (0.13) -0.22-0.36  0.50 0.626

Ventricular Volume (mL/mL of TIV)°
(Intercept) 0.001 (0.0001) 0.001-0.001 857 < 0.001***

Table S2 Note. ***p < 0.001; significant p values are bolded. SE = standard error, Cl = confidence interval, WM =
white matter, TIV = total intracranial volume. Here we report the results of linear models testing whether the change in
each PVS metric and ventricular volume from pre- to post-flight differed significantly from 0. Our primary interest here
was whether the intercept was significant (p < 0.05), thereby indicating a significant whole-group change in the PVS
metric or ventricular volume with spaceflight.

aTo account for individual differences in total brain tissue volumes, total PVS volume and number were normalized as
follows: (total PVS volume (mm?) or number (No.)) / (total brain white matter volume (cm?3), averaged across the two
pre-flight time points).

bVentricular volume represents the sum of the lateral and third ventricular volumes. To account for individual
differences in head size, ventricular volume was then normalized as follows: (ventricular volume (mL)) / (total
intracranial volume (mL), averaged across the two pre-flight time points).
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Table S3. Correlation of Pre-Flight PVS Characteristics and Ventricular Volume with Number of
Past Flight Days

Predictors Pearsonr p
Pre-Flight Total PVS Volume (mm3/cm?® of WM)? 0.61 0.201
Pre-Flight Total PVS Number (No./cm? of WM)32 0.60 0.208
Pre-Flight Median PVS Volume (mm3) 0.71 0.114
Pre-Flight Median PVS Length (mm) 0.70 0.121
Pre-Flight Ventricular Volume (mL/mL of TIV)P -0.08 0.873

Table S3 Note. WM = white matter, TIV = total intracranial volume. Here we report the results of Pearson correlation
tests for relationships between total number of past flight days and average baseline PVS and ventricular volume
metrics (i.e., across the two pre-flight time points) for the experienced astronauts only (n = 6, degrees of freedom =
4).

aTo account for individual differences in total brain tissue volumes, total PVS volume and number at baseline were
normalized as follows: (total PVS volume (mm3) or number (No.), averaged across the two pre-flight time points) /
(total brain white matter volume (cm?), averaged across the two pre-flight time points).

bVentricular volume represents the sum of the lateral and third ventricular volumes. To account for individual
differences in head size, ventricular volume at baseline was then normalized as follows: (ventricular volume (mL),
averaged across the two pre-flight time points) / (total intracranial volume (mL), averaged across the two pre-flight
time points).
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Table S4. Correlation Between Pre- to Post-Flight Ventricular Expansion and Pre- to Post-Flight
Changes in PVS Characteristics

Predictors Pearson r (DF) p
Change in Total PVS Volume (mm3/cm? of WM)?2 -0.25 0.367
Pre-Flight Total PVS Number (No./cm? of WM)? -0.26 0.353
Pre-Flight Median PVS Volume (mm3) -0.12 0.659
Pre-Flight Median PVS Length (mm) 0.44 0.100

Table S4 Note. *p < 0.05; significant p values are bolded. WM = white matter. Here we report the results of Pearson
correlation tests for relationships between change in PVS metrics from pre- to post-flight and change in ventricular
volume from pre- to post-flight for the entire astronaut cohort (n = 15, degrees of freedom = 13).

a2To account for individual differences in total brain tissue volumes, total PVS volume and number were normalized as
follows: (total PVS volume (mm?) or number (No.)) / (total brain white matter volume (cm?3), averaged across the two
pre-flight time points).

bVentricular volume represents the sum of the lateral and third ventricular volumes. To account for individual
differences in head size, ventricular volume was then normalized as follows: (ventricular volume (mL)) / (total
intracranial volume (mL), averaged across the two pre-flight time points).
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Table S5. PVS Changes and Ventricular Expansion from Pre- to Post-Flight: SANS vs. no-
SANS Differences

Predictors Estimates (SE) 95% ClI t p R? / R? Adjusted
Change in Total PVS Volume (mm?3/cm? of WM)?
(Intercept) 0.05 (0.05) -0.07 - 0.17 0.86 0.410
SANS Status (SANS) -0.04 (0.08) -0.21-0.13  -0.52 0.616
0.03/-0.07
Change in Total PVS Number (No./cm? of WM)?2
(Intercept) 0.002 (0.01) -0.01 -0.02 0.48 0.641
SANS Status (SANS) -0.002 (0.01) -0.02-0.02 -0.29 0.775
0.01/-0.09
Change in Median PVS Volume (mm3)
(Intercept) 0.50 (0.48) -0.56 - 1.56 1.05 0.319
SANS Status (SANS) -0.22 (0.67) -1.72-1.28 -0.33 0.752
0.01/-0.09
Change in Median PVS Length (mm)
(Intercept) -0.03 (0.24) -0.57 - 0.50 -0.14 0.890
SANS Status (SANS) 0.10 (0.34) -0.66 - 0.86 0.30 0.768
0.01/-0.09
Change in Ventricular Volume (mL/mL of TIV)®
(Intercept) 0.001 (0.0002) 0.0003 -0.001 4.22 0.002**
SANS Status (SANS) 0.0002 (0.0002) -0.0003-0.001 1.02 0.331
0.10/0.004

Table S5 Note. SE = standard error, Cl = confidence interval, WM = white matter, TIV = total intracranial volume.
Here we report the results of linear models testing whether the pre- to post-flight change in each PVS metric and
ventricular volume differed for the SANS vs. no-SANS astronauts. No-SANS served as the reference group (i.e.,
coded as = 0). Our primary interest here was whether there was an effect of SANS status on pre- to post-flight
change in the PVS and ventricle metrics.

aTo account for individual differences in total brain tissue volumes, total PVS volume and number were normalized as
follows: (total PVS volume (mm?) or number (No.)) / (total brain white matter volume (cm?), averaged across the two
pre-flight time points).

bVentricular volume represents the sum of the lateral and third ventricular volumes. To account for individual
differences in head size, ventricular volume was then normalized as follows: (ventricular volume (mL)) / (total
intracranial volume (mL), averaged across the two pre-flight time points).



